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Distribution and density of the canine renal cortical
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Distribution and density of the canine renal cortical lymphatic
system. The pattern, distribution, and extent of the lymphatic cir-
culation in the canine renal cortex was studied with light and
electron microscopy, in two groups of animals, one with and one
without ipsilateral ureteric obstruction for 3 days. Recognition of
lymphatics in tissue sections was facilitated by mild dilatation,
induced in both groups by ligation of the renal collecting vessels
for 4 to 6 hours, and by retrograde injection of tracer in a third
group. Of 77 lymphatics present in 180 blocks from six kidneys,
approximately one third were intralobular, the remainder being
primarily associated with interlobular blood vessels. The cross-
sectional area of interlobular lymphatics was almost twice that of
intralobular lymphatics. The relationships of these lymphatics
were analyzed quantitatively. Intralobular lymphatics had prima-
ry relationships with terminal arteries, arterioles, renal cor-
puscles, and tubular elements. Both inter- and intralobular lym-
phatics had secondary relationships with a small proportion of all
components of the cortical parenchyma including juxtaglomeru-
lar complexes. The most common association was between lym-
phatics and elements of the vascular tree. Morphometric analysis
was used to obtain volume density data on the composition of the
renal cortex. The volume density of lymphatics was 0.0026 in
ureter-obstructed kidneys and 0.0017 in nonobstructed kidneys.
The cross-sectional surface area of lymphatics in ureter-ob-
structed kidneys was significantly larger than those in nonob-
structed kidneys. The volume density of other cortical com-
ponents was found to be in good agreement with published data.
From the volume density data, it was concluded that the volume
of lymph in the renal cortex, under conditions of mild lymphatic
dilatation, was about 1% that of the volume of blood in the cor-
tical peritubular capillaries.
Distribution et densité du système lymphatique cortical dans le
rein de chien. Les modalités, Ia distribution, et l'étendue de Ia
circulation lymphatique dans Ic cortex renal du chien ont été
étudiées au moyen de Ia microscopie photonique et electronique
dans deux groupes d'animaux, avec ou sans 3jours d'obstruction
urétdrale ipsilatérale. L'identification des lymphatiques sur les
coupes a ete facilitée par une dilatation modérée, obtenue dans
les deux groupes par 4 a 6 heures de ligature des vaisseaux col-
lecteurs rénaux et par l'injection retrograde de traceur dans un
troisième groupe. Parmi 77 lymphatiques presents dans 180
blocs prepares a partir de six reins, approximativement un tiers
sont intralobulaires et les autres sont surtout associés a des vais-
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seaux sanguins interlobulaires. La surface de section des lym-
phatiques interlobulaires est au moms Ic double de celle des lym-
phatiques intralobulaires. Les rapports de ces lymphatiques ont
été analyses quantitativement. Les lymphatiques intralobulaires
sont en relation immediate avec les artères terminales, les artéri-
oles, les corpuscules rénaux, et les éléments tubulaires. Les
lymphatiques inter et intralobulaires ont des relations second-
aires avec une faible proportion de tous les composants du pa-
renchyme cortical, y compris les complexes juxtaglomerulaires.
L'association Ia plus fréquente est observée entre les lympha-
tiques et les elements de l'arbre vasculaire. L'analyse morpho-
métrique a été utilisée pour obtenir des valeurs de la fraction de
volume du cortex occupée par les lymphatiques. Celle-ci est de
0,0026 pour les reins dont l'uretère est obstrué et de 0,0017 pour
les reins dont l'uretère est libre. L'évaluation de Ia fraction de
volume occupée par les autres éléments constitutifs du cortex a
donne des chiffres comparables a ceux de la littérature. A partir
de ces mesures ii est conclu que le volume de Ia lymphe dans le
cortex renal, dans des conditions de dilatation modérée, est ap-
proximativement egal a 1% du volume de sang contenu dans les
capillaires péritubulaires du cortex.
Lymph from the dog kidney leaves by two
routes—by a superficial capsular network and by a
deeper hilar system. Connections between the two
systems have been described [1—3]; the finer lym-
phatics, however, which form the initial tributaries
of either system within the renal parenchyma, have
been the subject of much controversy. Two oppos-
ing theories on the origin of renal lymph receive
support. One theory holds that intrarenal lymphat-
ics are present only in relationship to the larger
blood vessels, beginning with the interlobular vas-
culature [4, 5]. According to this theory, fluid con-
tributions to lymph from within the renal lobule
must travel through interstitial channels before en-
tering lymphatics at the periphery of the lobule.
Here, an analogy is made with other organs such as
the liver in which intralobular lymphatics have yet
to be described. The alternative theory supports the
existence, within the parenchyma of the renal lob-
ule, of initial lymphatic capillaries that serve as
tributaries to interlobular lymphatics [6]. The sub-
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sequent pattern of lymphatic drainage along the
larger intrarenal blood vessels is not in dispute [4, 5,
711.
Published accounts of studies on the intrarenal
lymphatic circulation that have used a morphologic
approach have all been qualitative in nature. Thus,
the only quantitative data that may be used to as-
sess the extent of the system stem from estimates of
total renal lymph flow derived in functional studies.
These have necessarily been indirect because the
collecting vessels of the kidney do not unite before
entering the general lymphatic circulation, thereby
making direct total collection impossible. Indirect
estimates by different methods, however, have
been in general agreement and indicate that lymph
leaves the canine kidney at an approximate rate of
0.3 ml/min!100 g kidney weight [8-12].
The study reported here was designed to answer
the two questions formulated above. Experiments
were conducted to explore the pattern and distribu-
tion of intralobular lymphatic pathways and to
quantify the morphologic extent of lymph and lym-
phatics in the canine renal cortex.
Methods
General. Mongrel dogs of either sex were divided
into four main groups: (1) three dogs underwent
ureteric obstruction, (2) three were nonobstructed,
(3) ten had India ink injected retrogradely into renal
capsular lymphatics, and (4) ten underwent quanti-
tative studies involving nonlymphatic components
of the kidney. Observations on the pattern and
distribution of intrarenal lymphatics were made
on the first two groups by light and electron micro-
scopic analysis of tissue sections and on the third by
the appearance of injected tracer. The kidneys of
the fourth group were used to derive data that could
be compared with already published morphometric
information and thereby serve as a check upon the
accuracy of the technique. This check necessarily
involved nonlymphatic components of the kidney,
as quantitative data on renal lymphatics has not
been available.
Ureteric occlusion. The dogs of the first group
(obstructed kidneys) and those in the third group
(tracer-injected kidneys) were subjected to unilater-
al ureteric occlusion 3 days prior to removal of the
kidney. This maneuver has been shown to cause a
diversion of lymph from hilar to capsular system
with consequent capsular lymphatic dilatation [13].
The occlusion was performed through a left loin in-
cision under sodium pentobarbital anesthesia (25 to
35 mg/kg body wt). The operation was carried out
with sterile procedures, and antibacterial therapy
was administered.
Lymphatic ligation. All animals in the first (ob-
structed) and second (nonobstructed) groups under-
went left renal lymphatic ligation for 4 to 6 hours
before fixation of the kidney. This was achieved
through a left loin incision, again under sodium pen-
tobarbital anesthesia. The main capsular collecting
vessels were ligated at the renal poles, and the hilar
vessels were tied as they coursed along the renal
pedicle. The incision was closed, and anesthesia
was maintained during the interval between ligation
and kidney fixation. The purpose of this maneuver
was to induce mild dilatation of the intrarenal lym-
phatics which would facilitate their recognition in
tissue sections.
Retrograde tracer injection. The capsular system
of ten dogs (third group) was injected retrogradely
with India ink by using a Sage syringe pump [1].
These kidneys were used primarily in a study of
lymphatic communications between the capsular
and hilar systems [1], but some preparations which
revealed intralobular lymphatics have been includ-
ed in the present study.
Tissue preservation. All six kidneys in the first
and second groups (three with prior ureteric occlu-
sion and three without) were drip-fixed with acrole-
in (Kodak) in Millonig's phosphate buffer (4 to 6%
mixture by volume). To achieve this, we reopened
the loin incision and dripped 250 ml of fixative onto
the anterior surface of the kidney. Excess fixative
was prevented from pooling in the abdominal cavity
by suction. Simultaneously, 100 ml of fixative was
infused through one of two polyethylene cannulae
that were passed retrogradely through the left ure-
ter to the renal pelvis: the second cannula served as
an outlet from the pelvis for the fixative. After fixa-
tion, samples of renal tissue were obtained from
both poles and the central region of the kidney. Tis-
sue strips (1 x 1 x 4 mm), oriented from capsule to
medulla, were cut and immersed in Millonig's phos-
phate buffered 2% glutaraldehyde at 4° C for 1 hour.
Thirty strips were obtained from each kidney, post-
fixed in 1% osmium tetroxide for 1 hour, and flat-
embedded in EPON 812.
Sections, 1-sm thick and cut parallel to the cap-
sule, were obtained from the 180 blocks and ex-
amined with the light microscope for potential
lymphatics. This was made possible by the fixation
technique, which enhanced the retention of luminal
contents in most if not all the parenchymal vascula-
ture. Tissue, containing potential lymphatics, was
trimmed and further sectioned with an LKB ultra-
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microtome. These thin sections were stained with
uranyl acetate and lead citrate and examined with
an Hitachi HU-11B-2 electron microscope. To trace
their distribution, we obtained alternate sections for
light microscopy from all tissue containing con-
firmed lymphatics.
Lymphatic relationships. The primary relation-
ships of individual lymphatics were determined
from light microscopic observations. Random sec-
tions of tissue which contained confirmed lymphat-
ics, from both the ureter-obstructed and nonob-
structed groups, were analyzed. Because, even in a
single section, lymphatics were usually adjacent tô
more than one structure, arbitrary decisions had to
be made to derive quantitative data. Lymphatics, in
general, accompany blood vessels: therefore, when
blood vessels (other than capillaries) were seen to
be adjacent to the lymphatic in question, they were
recorded as the primary related structure. Further,
if the adjacent blood vessels contained both arterial
and venous elements, the primary relationship was
recorded as arterial (or arteriolar). This was justi-
fied by the general observation that renal lymphat-
ics appear to be more closely related to arterial than
to venous vessels. Thus venous elements were re-
corded as the primary relationship only when arteri-
al elements were lacking. Similarly, a primary tubu-
lar relationship was recorded only when neither ar-
terial nor venous vessels were close by. In
instances of the latter, adjoining alternate sections
were examined to insure that the lack of neighbor-
ing blood vessels was real rather than an artifact of
the plane of section.
Morphometry. Morphometric and stereologic
techniques were used to quantify elements of the
cortical parenchyma. For volume density (V) mea-
surements 80 sections (l-m thick) were selected
from the first two groups, 40 from the animals with
obstructed ureters, and 40 from the nonobstructed
group. For each group of 40 sections, 25 were se-
lected randomly from blocks without lymphatics
and 15 were selected randomly from tissue contain-
ing confirmed lymphatics. No two sections were
taken from the same block. The 80 sections were
photographed at a fixed magnification, and volume
density data were obtained from the photomicro-
graphs by using a superimposed transparent grid by
the standard point-counting procedure [14], accord-
ing to the equation V = P1/P: where P, is the num-
ber of points intersecting a particular structure, and
PT is the total point count. Values were obtained for
cortical arteries, veins, arterioles, tubules, blood
capillaries, renal corpuscles, interstitium, and lym-
phatics.
The surface area (SA) of cortical lymphatics was
obtained from the same photomicrographs by two
methods: by simple measurement of radius and by
planimetry (K & E compensating polar planimeter).
Glomerular counts. To apply some of the mor-
phometric data to the kidney as a whole, we per-
formed glomerular counts on ten kidneys (fourth
group) by the method of Elias and Hennig [15]. The
kidneys were removed and fixed in toto in 10% buf-
fered formalin (4° C), after ligation of the renal ped-
ide to prevent leakage of blood or lymph. After 4
days' fixation, 10 cortical samples measuring 7 mm3
were obtained from each kidney, dehydrated, and
embedded in glycol methacrylate (Polysciences JB-
4 GMA kit). The number of renal corpuscles was
counted in eight 0.5-mm2 areas in random sections
from each tissue sample. The total number of cor-
puscles per kidney was determined by multiplying
the previously measured cortical volume of each
kidney by the numerical density (Nt) obtained by
the formula N = nAIA(t+T) [13], where n is the
number of corpuscles counted in area A (4 mm2) of
each section, t is the mean corpuscular diameter,
and T is the section thickness (5 pm). Mean cor-
puscular diameter was measured with an eyepiece
reticle, two perpendicular measurements being
made on each of 30 random corpuscles.
Results
General pattern. The known pattern and distribu-
tion of the larger renal lymphatics was observed in
the present study. Thus, a capsular plexus and a
deeper system, which drained primarily to the hilar
collecting vessels, were seen.
The interlobular lymphatics typically formed one
to four vessels which divided and rejoined in their
course along the interlobular blood vessels (Fig. I).
Although valves were not present in these lymphat-
ics, thereby permitting the flow of lymph to hilar or
capsular system, the caliber generally increased to-
wards the hilus, suggesting this to be the preferen-
tial pathway under normal circumstances. The in-
terlobular lymphatics formed the tributaries of the
arcuate and thence the interlobar systems (Fig. 2),
which did contain valves oriented towards the renal
sinus.
Tributaries of the interlobular lymphatics were
found and were primarily associated with divisions
of the interlobular arteries or with afferent arteri-
oles. These terminal elements of the intracortical
arterial system were not infrequently associated
with one or more lymphatics (Fig. 3). More distally,
lymphatics accompanied the occasional afferent ar-
teriole (Fig. 4). Such lymphatics could often be
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Fig. 2. Light rnkrograph sho.ting ink within an utterlubular Iy'n—
pharic. India ink was retrogradely injected through the capsular
lymphatic system. The lymphatic (L) us situated between an in-
terlobar artery (A) and vein (V). (X355)
Fig. 1. Light micrograph showing an interlobular lymphatic in a
ureter-obstructed kidney. The lymphatic (L) coursed with an in-
terlobular artery from the superficial to the juxtamedullary cor-
tex. (x540)
traced to renal corpuscles and sometimes were as-
sociated closely with the juxtaglomerular complex
(Fig. 5). Further into the region, lymphatics were
seen sometimes in contact with the parietal layer of
Bowman's capsule, sandwiched between it and ei-
ther a small vessel or a tubule (Fig. 6). Deep within
the renal lobule and unrelated to arteries or veins,
lymphatics were found among the tubules and pen-
tubular capillaries (Fig. 7). In at least one instance,
such a lymphatic was found within a medullary ray.
Tributaries to the capsular system were present
beneath the renal capsule (Fig. 8). Here, their rela-
tionship was primarily with tubules. It was not de-
termined how deeply these lymphatics extended in-
to the substance of the cortex, nor whether they
anastomosed with tributaries of the interlobular
system. The primary pathway from the subcapsular
region, however, appeared to be through perforat-
ing vessels that pierced the renal capsule to enter
the surface system.
Number and relationship of cortical lymphatics.
In 90 tissues blocks from the three ureter-obstruct-
ed kidneys, 43 lymphatics were detected and con-
firmed as such by ultrastructural study. Similarly,
34 lymphatics were present in 90 blocks from non-
obstructed kidneys. No uneven regional distribu-
tion between poles and central region was found.
The position of these 77 lymphatics, with reference
to the renal lobule, is shown in Table 1. Thus, ap-
proximately one third of the lymphatics were con-
sidered to be within the lobule, the remainder being
associated with interlobular blood vessels. The pri-
Fig. 3. Light micrograph of two lymphatic vessels at the periph-
ery of a renal lobule in a ureter-obstructed kidney. These lym-
phatics (L) are related to an artery (A) and an afferent arteriole
(AA). Subsequent thick sections showed that the lymphatics
joined with one another. (x895)
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Fig. 4. Micrographs of intralobular lymphatics related to afferent arterioles from ureter-obstructed kidneys. A Two lymphatics (L) are
seen, each associated with an afferent arteriole (AA). Notice the clear lumen of the lymphatics in contrast to that of the blood vessels
which contains plasma and/or cells. (x 560) B Electron micrograph of one of the lymphatics from panel a, shows the absence of a basal
lamina beneath the vessel's continuous endothelium. (x5450) C Light micrograph is of a lymphatic after India ink was injected retro-
gradely into the capsular system. This vessel is sandwiched between the two afferent arterioles (AA). (x 865)
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Fig. 5. Light micrographs from a ureter-obstructed kidney showing lymphatics (L) near the region of the juxtaglomerular apparatus
(JGA). (x540)
mary relationships of the lymphatics are shown in
Table 2.
The identification of these relationships was use-
ful in determining the percentage of lymphatics
that were associated with blood vessels. For ex-
ample, lymphatics shown in Table 2 as having pri-
mary tubular relationships were not accompanied
by blood vessels, other than capillaries. Inevitably
all lymphatics, whether accompanied by blood ves-
sels or not, had secondary relationships with vari-
ous components of the nephron. For example, lym-
phatics descending in interlobular connective tis-
sue, and therefore having interlobular arteries as
their primary relationship (Fig. 1), also frequently
came into contact with renal corpuscles and tubular
segments. These secondary relationships were con-
sidered to be too complex to quantify meaningfully.
To gain a somewhat different indication of the fre-
quency of cortical lymphatics, we analyzed sections
by a second method. The total number of arteries,
veins, arterioles, and renal corpuscles seen in 180
sections (one from each block) were counted, and
the percentage of these structures having lymphat-
ics related to them was determined. The results of
this analysis are shown in Table 3. Unfortunately,
this technique could not be applied to tubules be-
cause their convolutions precluded the recognition
of single nephrons in tissue sections. Table 3 re-
veals that between one half and one third of all ar-
teries had an associated lymphatic. Comparatively
few arterioles or renal corpuscles were closely asso-
ciated with lymphatics. The values cited for renal
corpuscles, however, are presumably low because
of the size of the corpuscles, the thinness of the tis-
sue sections, and the comparatively small area of
contact which may exist between a corpuscle and
neighboring lymphatic.
Volume density. The mean volume density of cor-
tical components is given in Table 4, which shows
that, in the group without ureteric obstruction, ap-
proximately 60% of the renal cortex was occupied
by nephric elements including renal corpuscles. The
blood vasculature excluding capillaries comprised
about 7%, the cortical peritubular capillaries about
11%, and the interstitium approximately 24%. No
essential difference was found between these vol-
ume densities and those for the group with ureteric
obstructions, although, as expected, the obstructed
kidneys were larger. The volume density of lym-
phatics in the nonobstructed group was 0.17% of
the total renal cortex, whereas that in the ureter-
obstructed group was 0.26%. The data for the deri-
vation of these latter two values was obtained from
blocks containing lymphatics and then corrected for
the percentage of blocks without lymphatics to give
values for the cortex as a whole.
In an effort to verify the accuracy of the morpho-
metric technique, the volume density of renal cor-
puscles was also calculated by multiplying the aver-
age number of renal corpuscles per 100 cm3 of renal
cortex by the mean volume of 30 renal corpuscles.
The average number of renal corpuscles in ten kid-
neys was found to be 695,800 (± 26,000 SEM) with
an average kidney weight of 72.1 g (± 4.7 SEM). The
mean diameter of 30 renal corpuscles was found to
be 186 m, giving an average volume of 3.4 x 106
cm3. By this method, the volume density of renal
corpuscles was calculated to be 5.8 cm3 per 100 g of
renal cortex.
Lymphatic cross-sectional area. The cross-sec-
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Fig. 6. Micro graphs of lymphatics related to renal corpuscles (RC). A Electron micrograph from a nonobstructed kidney shows the
close apposition of the lymphatic (L) with the parietal layer of Bowman's capsule. (X6300) B Light micrograph is of the same lymphatic
(arrow). A second lymphatic is located between two proximal tubules and a venule. (X580) C Another lymphatic is located beside a
renal corpuscle from a ureter-obstructed kidney. (x710)
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Fig. 7. Micrographs of lymphatics related to tubules only. A Electron micrograph is of a nonobstructed kidney. (x6900) B and C Light
micrographs are of ureter-obstructed kidneys. The interstitial space has expanded as a result of lymphatic ligations. (X710 and X580,
respectively) DT is distal tubule.
tional area of cortical lymphatics is shown in Table
5. By both techniques and in both the ureter-ob-
structed and nonobstructed groups, the interlobular
lymphatics were found to have twice the cross-sec-
tional area of intralobular lymphatics. The table al-
so shows that both types of lymphatics were dilated
in the obstructed group, a finding which is in keep-
ing with previous observations [1, 13].
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Table 5. Mean cortical lymphatic surface area (SA; /Lm2)
Group Region # LY
SA
(by
radius)
SA
(by
planimetry)
Ureter-
obstructed Interlobular
Intralobular
17
8
780k'
470
900
550
Nonobstructed Interlobular
Intralobular
17
6
3ØØI
l50
340e d
200d
a p < 0.01.
P < 0.01
P < 0.005.
d p < 0.0125.
Fig. 8. Subcapsular lymphatic seen in a ureter-obstructed kid-
ney. The lymphatic (L) is subjacent to the renal capsule (C). (x
490)
Discussion
Table 1. Position of cortical lymphatics with reference to the
renal lobulea
Groupb # Interlobular LY # Intralobular LY
Ureter-obstructed 26 17
Nonobstructed 22 12
LY is lymphatic.
Ninety blocks were examined in each group.
Table 2. Primary relationships of cortical lymphaticsa
Group #LY A V AL RC T
Ureter-obstructed 43 56% 4% 5% 13% 20%
Nonobstructed 34 59% 0% 13% 3% 25%
a LY is lymphatic; A, artery; V, vein; AL, arteriole; RC, renal
corpuscle; T, tubule.
Table 3. Percentage of cortical vasculature having related
lymphaticsa
Group5 A V AL RC
Ureter-obstructed 33% 1% 3% 4%
Nonobstructed 27% 0% 4% 2%
A is artery; V, vein; AL, arteriole; RC, renal corpuscle.
Ninety blocks were examined per group.
For the delineation of lymphatic pathways, a
method is required that not only reveals all of the
lymphatics present but also enables them to be dis-
tinguished unequivocally from blood capillaries and
tissue spaces. We used a combination of approach-
es to satisfy these two criteria. Mild dilation, by pri-
or lymphatic occlusion coupled with drip fixation in
vivo, accentuated the appearance of lymphatics in
tissue sections, thereby enabling them to be pre-
selected by light microscopy. For this purpose, the
use of acrolein as a fixative was ideal because of its
superior penetration over the more conventional
fixatives used in electron microscopy. The sub-
sequent positive identification of potential lymphat-
ics was achieved by electron microscopy, or by the
presence of tracer from retrograde injection. Serial
sections provided continuity of information for de-
fining the pattern of the lymphatic pathways.
The ultrastructural characteristics of lymphatics
have been described by various authors and are
now well accepted [16—18]. Thus, little difficulty
was experienced in the identification of intrarenal
lymphatic vessels.
The study confirmed the known association be-
tween lymphatics and the larger arterial vessels of
the kidney [4, 5]. In addition, however, it demon-
Table 4. Mean cortical volume density (.tm3ljsm3)a
Group LY A V AL RC T BC I
Ureter-obstructed (N =
Nonobstructed(N = 40)
40) 0.0026
0.0017
0.011
0.015
0.053
0.047
0.0074
0.0046
0.092
0.087
0.47
0.51
0.13
0.12
0.25
0.24
a LY is lymphatic; A, artery; V, vein; AL, arteriole; RC, renal corpuscle; T, tubule; BC, blood capillary; I, interstitium. Values are
mean SEM.
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strated the presence of lymphatics within the lob-
ules of the canine renal cortex. The existence of
such vessels has been controversial for many years.
In this respect, our findings conformed with those
of Nordquist et al [6], who observed cortical lym-
phatics in the dog kidney by electron microscopy.
They found lymphatics within the renal lobule but
did not provide any quantitative estimate of their
extent nor of the lymphatic-parenchymal relation-
ships. Rojo-Ortega, Yeghiayan, and Genest [19] and
Ohkuma [20] have also observed lymphatics in the
rat renal cortex. Although these latter investigators
demonstrated relationships between lymphatics and
nephric elements, it was not clear whether these
lymphatics were primarily interlobular in nature or
whether they were contained within the lobule. Our
study has estimated the percentage of intracortical
lymphatics that were accompanied by blood vessels
and therefore could be considered interlobular
(Table 2). By this criteria, as many as one third
were found to be within the lobule (Table 1). Com-
plementary information is given in Table 3, which
shows that not all interlobular blood vessels were
accompanied by lymphatics, and relatively few re-
nal corpuscles had intimate relationships with
lymph vessels. Occasionally the juxtaglomerular
complex of renal corpuscles was related to lymphat-
ics and, thus, provided a possible morphologic cor-
relate of the high renin concentration found in renal
lymph [21—25]. Whether these high concentrations
have a specific function has yet to be determined.
Our findings differed from those of Peirce [5] and
Kriz and Dieterich [4]. Peirce [5] relied upon the
stab injection method, but, being aware of its inher-
ent problems, applied such rigorous criteria to lym-
phatic identification that the smaller tributaries may
well have been excluded. Kriz and Dieterich [4]
used electron microscopy, but in several ways their
technique differed fundamentally from ours. They,
for example, used fixation by perfusion, thereby
emptying the blood vessels of their contents and
perhaps compressing parenchymal lymphatics. By
their technique, the preselection of lymphatics in
tissue sections by light microscopy becomes diffi-
cult or impossible. A distinct advantage to the
method we used was that potential lymphatics
could be preselected, largely because of the luminal
contents and prior dilatation (Fig. 4), and then sub-
jected to positive identification by electron micros-
copy in adjacent thin sections.
A species difference must also be considered
when different studies are compared. The present
work and that of Nordquist et al [6] were carried out
on dogs, whereas Kriz and Dieterich [4], Rojo-Or-
tega et al [19], and Ohkuma [20] studied rodents.
Because lymphatics generally are associated with
interstitial connective tissue, the presence of intra-
lobular lymphatics may be correlated with a greater
amount of interstitium in the dog kidney as com-
pared with other species.
The data derived by morphometry in the present
study represents, to our knowledge, the first pub-
lished attempt to quantify the intrarenal lymphatic
system. Table 4 shows that lymphatic vessels com-
prised in fixed kidneys about 0.2% of the volume of
the renal cortex; or, expressed in another way, that
the volume of lymph, during mild lymphatic dilata-
tion, amounted to about 1% of the blood contained
within the peritubular capillaries. The mild dilata-
tion in the nonobstructed group was induced by pri-
or lymphatic occlusion. Greater dilatation was
brought about in the other group by ureteric ob-
struction as well as prior lymphatic occlusion. This
was reflected in the increased volume density
(Table 4) and greater cross-sectional area of lym-
phatics in obstructed kidneys (Table 5).
Further reassurance on the reliability of the
morphometric data was obtained from comparison
of the nonlymphatic components with other pub-
lished data. For example, Julian [26] and Chinard et
al [27] determined that 20 to 25% of the dog kidney
was occupied by blood. Addition of the volume-
density values shown in Table 4 for arteries, veins,
arterioles, blood capillaries, and glomerular capil-
laries (assumed to occupy approximately 50% of the
renal corpuscles) yielded a total cortical blood vas-
cular volume of 22% in nonobstructed kidneys and
24% in kidneys with obstructed ureters. The appar-
ently high interstitial volume density, as compared
with other studies [28, 29], is presumably the con-
sequence of edema formation caused by ureteric
obstruction and lymphatic ligation [30-32].
The volume density of renal corpuscles (Table 4)
was found to be 8.7%, which is in excellent agree-
ment with the work of Dunnhill and Halley [33],
who found it to be 8.6% of cortical volume. A simi-
lar but somewhat lower figure (5.8%) was derived
by a second method in which we determined the av-
erage number of renal corpuscles and the average
single corpuscular volume in a kidney. These deter-
minations were in good agreement with values de-
rived in other studies [34-37]. We believe that this
correlation between our data on nonlymphatic renal
components and the findings of different authors us-
ing various techniques lends authenticity to the val-
ues derived by us for intracortical lymphatics.
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